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0HDVXUHPHQW RI 7KHUPDO &RQGXFWLYLW\ RI -%XW\O--0HWK\OLPLGD]ROLXP
/-WU\SWRSKDQ:DWHU(WKDQRO0L[WXUHVDW7 WR. 
;LQJ&XL+DL=KX&KDR-+RQJ+H.H--XQ:X 
=KHMLDQJ 3URYLQFLDO .H\ /DERUDWRU\ RI $GYDQFHG &KHPLFDO (QJLQHHULQJ 0DQXIDFWXUH
7HFKQRORJ\ &ROOHJH RI &KHPLFDO DQG %LRORJLFDO (QJLQHHULQJ =KHMLDQJ 8QLYHUVLW\
+DQJ]KRX&KLQD  
&RUUHVSRQGLQJDXWKRUFKKH]MX#]MXHGXFQ 
6FKRRORI&KHPLFDODQG3URFHVV(QJLQHHULQJ8QLYHUVLW\RI/HHGV/HHGV/6-78. 
 
$EVWUDFW 7KHUPDO FRQGXFWLYLWLHV RI -EXW\O--PHWK\OLPLGD]ROLXP /-WU\SWRSKDQ
>%0,0@>/-WUS@ ZDWHU HWKDQRO >%0,0@>/-WUS@  ZDWHU >%0,0@>/-WUS@  HWKDQRO ZDWHU 
HWKDQRODQG>%0,0@>/-WUS@ZDWHUHWKDQROZHUHLQYHVWLJDWHGIURP.WR.
FRYHULQJWKHZKROHVFDOHRIFRQFHQWUDWLRQVDWDWPRVSKHULFSUHVVXUHZLWKWUDQVLHQWKRWZLUH
PHWKRG7KHWKHUPDOFRQGXFWLYLWLHVRISXUH>%0,0@>/-WUS@GHFHDVHOLQHDUO\IURPWR
:āP-ā.-ZLWK LQFUHDVLQJ WHPSHUDWXUH7KHXQFHUWDLQW\ RI WKHPHDVXUHPHQW ZDV
OHVVWKDQDWFRQILGHQWOHYHO7KHH[SHULPHQWDOGDWDRIELQDU\DQGWHUQDU\PL[WXUHV
ZHUH FRUUHODWHG E\ VHFRQG-RUGHU 6FKHIIp SRO\QRPLDO DV D IXQFWLRQ RI FRPSRVLWLRQ DQG
WHPSHUDWXUH7KHDYHUDJHUHODWLYHGHYLDWLRQRIWKHFDOFXODWHGYDOXHVZLWKH[SHULPHQWGDWD
ZDV  
,QWURGXFWLRQ 
,RQLF OLTXLGV ,/VKDYHDWWUDFWHGZLGHVSUHDGDWWHQWLRQ LQ UHFHQW\HDUVDVHQYLURQPHQWDO
IULHQGO\VROYHQWVDQGZHUHXWLOL]HG LQH[WUDFWLRQJDVDEVRUSWLRQFKHPLFDOFDWDO\VLVDQG
RWKHU ILHOGV EHFDXVH RI WKHLU QHJOLJLEOH YDSRU SUHVVXUH KLJKHU WKHUPDO VWDELOLW\ JRRG
VROXELOLW\DQGDGMXVWDEOHVWUXFWXUH-7KHUPDOFRQGXFWLYLW\LVWKHPHDVXUHPHQWRIWKHKHDW
WUDQVIHUDELOLW\RI WKHPDWHULDOVDQG WKHVWXG\of WKHUPDO FRQGXFWLYLWLHV LVVLJQLILFDQW IRU
VFDOH-XS DQG LQGXVWULDOL]DWLRQ Rf the chemical engineering process VR DV IRU WKH
DSSOLFDWLRQRI ,/V-+RWZLUHPHWKRG LVDQ LPSRUWDQW WHFKQLTXHRI WKHUPDOFRQGXFWLYLW\
PHDVXUHPHQWZKLFKZDVFRQVLGHUHGDV WKHPRVWVWDEOHDQGDFFXUDWHPHWKRG IRU IOXLG
PHDVXUHPHQW- )RU H[DPSOH 7RPLGD HW DO VWXGLHG WKH WKHUPDO FRQGXFWLYLWLHV RI
VHYHUDONLQGVRI LPLGD]ROLXP-EDVHGLRQLFOLTXLGVZLWKGLIIHUHQWDON\OFKDLQOHQJWKVE\KRW
ZLUHPHWKRGDQGWKHSUHVVXUHGHSHQGHQFHVRIWKHWKHUPDOFRQGXFWLYLW\RI,/V&DVWURHW
DOPHDVXUHGWKHWKHUPDOFRQGXFWLYLWLHVRIVHYHUDONLQGVRIDON\O-PHWK\OLPLGD]ROLXPLRQLF
OLTXLGV DQG FRUUHVSRQGLQJ ,R1DQRIOXLGV ZKLFK LV FRPSRVHG E\ LRQLF OLTXLGV ZLWK D IHZ
PXOWLZDOOFDUERQQDQRWXEHV0:&17VGLVSHUVHG7KHWKHUPDOFRQGXFWLYLW\HQKDQFHPHQW
E\WKHDGGLWLRQRI0:&17VDQGWKHWHPSHUDWXUHGHSHQGHQFHRIWKH,R1DQRIOXLGVV\VWHP
ZHUHDOVRLQYHVWLJDWHG 
,RQLFOLTXLGVHVSHFLDOO\FKLUDOLRQLFOLTXLGVDUHPDLQO\FRPELQHGZLWKRWKHUVROYHQWVZKHQ
DSSOLHGLQFKHPLFDOSURFHVVWRUHGXFHWKHYLVFRVLW\,QFRQVLGHUDWLRQRIWKHVXUURXQGLQJVLQ
WKH LQGXVWULDO VFDOH SURFHVV *H HW DO LQYHVWLJDWHG WKH WKHUPDO FRQGXFWLYLWLHV RI
>%0,0@>27I@ZDWHU>(0,0@>(W62@ZDWHUELQDU\PL[WXUHVDQGFRUUHODWHGWKHGDWDE\
WKH -DPLHVRQ FRUUHODWLRQ HTXDWLRQ &KHQ HW DO VWXGLHG WKH WKHUPDO FRQGXFWLYLWLHV RI
>00,0@>'03@ZDWHUDQG>00,0@>'03@PHWKDQROELQDU\PL[WXUHVDQGILWWHGWKHGDWD
ZLWKKLJKHUDFFXUDF\%HVLGHVWKDWVHYHUDORWKHULRQLFOLTXLGELQDU\PL[WXUHV\VWHPVZHUH
PHDVXUHGPDLQO\E\KRWZLUHPHWKRGUHFHQW\HDUV- 
$PLQRDFLGLRQLFOLTXLGLVDQLPSRUWDQWNLQGRILRQLFOLTXLGV$VFKLUDOPROHFXODULWKDVWKH
JHQHUDOFKDUDFWHULVWLFVRIFKLUDOPROHFXOHVDQGZHOOFKLUDOVHOHFWLYLW\5HFHQWO\DPLQRDFLG
LRQLFOLTXLGVKDYHEHHQZLGHO\DSSOLHGLQH[WUDFWLRQVHSDUDWLRQDQGDV\PPHWULFV\QWKHVLV
SURFHVVZLWKVFDOH-XSSRWHQWLDO-7KHUHDUHVRPHSXEOLVKHGZRUNVDERXWWKHGHQVLW\
DQGYLVFRVLW\PHDVXUHPHQWRIDPLQRDFLGLRQLFOLTXLGV-EXWWKHWKHUPDOFRQGXFWLYLWLHV
PHDVXUHPHQWV RI WKRVH KDYH EHHQ UDUHO\ UHSRUWHG 2QO\ *DUGDV HW DO VWXGLHG WKH
WKHUPDO FRQGXFWLYLWLHV RI VHYHUDO NLQGV RI DPPRQLXP- DQG SKRVSKRQLXP- EDVHG DPLQR
DFLGLRQLFOLTXLGVDQGFRUUHODWHGWKHH[SHULPHQWGDWDE\JURXSFRQWULEXWLRQPHWKRG 
,Q H[WUDFWLRQ SURFHVV LQDGGLWLRQ WR ELQDU\ PL[WXUHV V\VWHP VRPHWLPHV WKH VHSDUDWLRQ
SURFHVVLVFDUULHGRXWWKURXJKWHUQDU\PL[WXUHVV\VWHPE\WKHDGGLWLRQRIFR-VROYHQWOLNH
DOFRKROVRUZHDNDFLGVWRLPSURYHWKHVROXELOLW\RIWKHH[WUDFWHGVXEVWDQFHV 
,Q WKLV ZRUN WKH WKHUPDO FRQGXFWLYLWLHV RI >%0,0@>/-WUS@ ZDWHU HWKDQRO WKHLU ELQDU\
PL[WXUHV DQG WHUQDU\ PL[WXUHV IURP  . WR  . ZLWKLQ WKH ZKROH VFDOH RI
FRQFHQWUDWLRQVKDYHEHHQGHWHUPLQHGDWURRPSUHVVXUHDQGWKHH[SHULPHQWDOGDWDZHUH
FRUUHODWHGE\VHFRQG-RUGHU6FKHIIpSRO\QRPLDO- 
([SHULPHQWDOVHFWLRQ 
0DWHULDOV 
7KHVXSSOLHUDQGSXULW\JUDGHVH[SUHVVHGDVPDVVIUDFWLRQRIFKHPLFDOUHDJHQWVXVHGLQ
WKLVZRUNDUHVKRZQLQ7DEOH  
8OWUDSXUH ZDWHU SXUFKDVHG IURP :DKDKD *URXS &R /WG ZDV IXUWKHU SXULILHG E\ ODE
XOWUDSXUHZDWHUSXULILFDWLRQV\VWHPUHVLVWLYLW\!0ȍāFPDWURRPWHPSHUDWXUH  
-%XW\O--PHWK\OLPLGD]ROLXP /-WU\SWRSKDQ DV VKRZQ LQ )LJXUH  ZDV SXUFKDVHG IURP
6KDQJKDL&KHQJMLH&KHPLFDO&R/WG0DVVFRQWHQWRIZDWHUIRUWKHVDPSOHDQDO\]HGE\
.DUO)LVKHUWLWUDWLRQ0HWURKP.)7LWULQR3OXVZDVORZHUWKDQSSP7KHEURPLQH
FRQWHQWVZHUHEHORZWKHGHWHFWLRQOLPLWSSPGHWHUPLQHGE\WLWUDWLRQZLWK$J12
7KHVWUXFWXUHRIWKHLRQLFOLTXLGZDVFRQILUPHGE\+105$9$1&(,,,0+]'LJLWDO
105 6SHFWURPHWHU 7KH ZHLJKWV RI PDWHULDO ZHUH UHFRUGHG E\ DQ DQDO\WLFDO EDODQFH
0HWWOHU7ROHGR;6'XDO5DQJHWRDSUHFLVLRQRIPJ 
 
)LJXUH7KHVWUXFWXUHRI-EXW\O--PHWK\OLPLGD]ROLXP/-WU\SWRSKDQ 
0HWKRGV 
7KHWKHUPDOFRQGXFWLYLW\PHDVXULQJLQVWUXPHQW;L¶DQ;LDWHFK(OHFWURQLF7HFKQRORJ\&R
/WG7&/ZDVXVHGWRFROOHFWWKHWKHUPDOGDWDRISXUHFRPSRQHQWVDQGPL[WXUHVE\
WUDQVLHQWKRWZLUHPHWKRG'HWDLOHGGHVFULSWLRQVRIWKHDSSDUDWXVDQGPHDVXULQJWKHRU\
FDQ EH IRXQG LQ SUHYLRXV UHIHUHQFHV LQFOXGLQJ RXU ZRUNV- ,Q EULHI WKH HTXLSPHQW
FRQWDLQVWZRDQRGL]HGȝPGLDPHWHUWDQWDOXPDVKRWZLUHVLQWKHFHOOVRIWKHLQVWUXPHQW
7KH OHQJWK RI WDQWDOXP ZLUHV ZHUH  PP DQG  PP UHVSHFWLYHO\ $Q DXWRPDWLF
:KHDWVWRQH-W\SHHOHFWURQLFEULGJHZDVXVHGWRPHDVXUHWKHWLPHHYROXWLRQRIWHPSHUDWXUH
RI WKH ZLUHV GXULQJ WKH DSSOLFDWLRQ RI D FRQVWDQW KHDW IOX[ WR WKH WUDQVLHQW KRW ZLUH
LQVWUXPHQW 7KH LVRWKHUPDO HQYLURQPHQW IRU WKH WKHUPDO FHOO ZDV SURYLGHG E\ D
WKHUPRVWDWLFEDWK+XL&KXDQJ<+;XQFHUWDLQW\RIrCDQGWKHWHPSHUDWXUHRI
WKH VDPSOH ZDV PHDVXUHG E\ WKH SODWLQXP UHVLVWDQFH WKHUPRPHWHU RI WKH DSSDUDWXV
DXWRPDWLFDOO\ 7KH WRWDO XQFHUWDLQW\ RI WKH WHPSHUDWXUH IRU WKHUPDO FRQGXFWLYLW\
PHDVXUHPHQW LV OHVV WKDQ   P. 7KH LQMHFWLRQ YROXPH RI VDPSOH RI HDFK GLIIHUHQW
FRPSRQHQWVPL[WXUHLVFPDSSUR[LPDWHO\7KHGDWDDFTXLVLWLRQWLPHLVVHFRQG7KH
KHDWLQJYROWDJHLVDGMXVWHGIRUHDFKVDPSOHZLWKLQWKHUDQJHIURP9IRUSXUHHWKDQRO
WR9IRUSXUHZDWHUWRNHHSWKHWUDQVLHQWWHPSHUDWXUHULVHDWDSSUR[LPDWHO\.$OO
PHDVXUHPHQWV ZHUH UHSHDWHG DW OHDVW ILYH WLPHV IRU HDFK GDWD SRLQW 7KH WKHUPDO
FRQGXFWLYLW\RIGHLRQL]HGZDWHUSXUHHWKDQRODQGSXUHWROXHQHZHUHFKRVHQWRFKHFNWKH
DFFXUDF\DQGVWDELOLW\RIWKHLQVWUXPHQWDWWKHVHOHFWHGWHPSHUDWXUHUDQJH7KHGHWHFWHG
UHVXOWV KDG JRRG UHSURGXFLELOLW\ ZLWKLQ   DQG ZHUH LQ ZHOO DJUHHPHQW ZLWK WKH
UHIHUHQFH VWDQGDUG GDWD IURP ZKLFK WKH PD[LPXP GHYLDWLRQ DQG DYHUDJH UHODWLYH
GHYLDWLRQZHUHDQGIRUZDWHUDQGIRUHWKDQRODQG
IRUWROXHQHUHVSHFWLYHO\$FFRXQWLQJIRUDOOWKHUDQGRPHUURUVRIPHDVXUHPHQWWKHRYHUDOO
XQFHUWDLQW\RIWKHSUHVHQWWKHUPDOFRQGXFWLYLW\GDWDZDVHVWLPDWHGWREHOHVVWKDQ
ZLWKDFRYHUDJHIDFWRURIN DWDFRQILGHQFHLQWHUYDO 
5HVXOWVDQG'LVFXVVLRQ 
3XUHFRPSRQHQWV 
7KH H[SHULPHQWDO DQG UHIHUHQFH WKHUPDO FRQGXFWLYLWLHV RI SXUH FRPSRQHQWV LQFOXGLQJ
>%0,0@>/-WUS@ZDWHUDQGHWKDQRODUHOLVWHGLQ7DEOHIRUFRPSDULVRQDQGFRUUHODWLRQ7KH
UHSURGXFLELOLW\RISXUHFRPSRQHQWVLVVPDOOHUWKDQDQGWKHXQFHUWDLQW\LVOHVVWKDQ
DQG:āP-ā.-7KH WKHUPDOFRQGXFWLYLWLHVRI >%0,0@>/-WUS@DUHEHWZHHQ
DQG:āP-ā.- IURP. WR.VLPLODUZLWK WKRVHRIDPPRQLXP-DQG
SKRVSKRQLXP- EDVHG DPLQR DFLG LRQLF OLTXLGV UHSRUWHG E\ *DUGDV HW DO7KH WKHUPDO
FRQGXFWLYLWLHVGHFUHDVHOLQHDUO\ZLWKWKHLQFUHDVHRIWHPSHUDWXUHZKLFKLVLQDJUHHPHQW
ZLWKWKHWHQGHQF\RIPRVWLRQLFOLTXLGVIURPSXEOLVKHGUHIHUHQFHV6RZHFRUUHODWHWKH
WKHUPDOFRQGXFWLYLW\RI>%0,0@>/-WUS@DVDOLQHDUIXQFWLRQRIWHPSHUDWXUHKHUH 
O i 0 1 = a a T                                                                   
7KH WKHUPDO FRQGXFWLYLWLHV RI ZDWHU DQG HWKDQRO DW GLIIHUHQW WHPSHUDWXUH KDYH EHHQ
VWXGLHGE\PDQ\UHVHDUFKHUVDQGFDQEHFRUUHODWHGDVDIXQFWLRQRIWHPSHUDWXUHXVLQJD
VHFRQG-RUGHUSRO\QRPLDO 
O   2i 0 1 2 = a aT a T                                                             
:KHUH ȜL :āP-ā.- LV WKH WKHUPDO FRQGXFWLYLW\ RI SXUH FRPSRQHQW L 7 . LV WKH
WHPSHUDWXUH VXEVFULSW L UHSUHVHQWV HDFK SXUH FRPSRQHQW DV  IRU >%0,0@>/-WUS@  IRU
ZDWHUDQGIRUHWKDQRODDDQGDDUHWKHFRUUHODWLRQFRHIILFLHQWV$VIRU LRQLFOLTXLG
V\VWHPHTXDWLRQLVDOVRVXLWDEOHZKHQD 7KHSDUDPHWHUVDDDIRUHTXDWLRQ
WKHYDOXHVRIDYHUDJHDEVROXWHUHODWLYHGHYLDWLRQ$$5'DQGVWDQGDUGGHYLDWLRQ6'DUH
OLVWHGLQ7DEOH 
%LQDU\V\VWHPV 
7KHWKHUPDOFRQGXFWLYLWLHVGDWDRIELQDU\PL[WXUHV>%0,0@>/-WUS@ZDWHU>%0,0@>/-WUS@
HWKDQRO ZDWHU  HWKDQRO PHDVXUHG IURP  . WR  . DW DSSUR[LPDWHO\  .
LQWHUYDODUHOLVWHGLQ7DEOH7DEOHDQG7DEOHUHVSHFWLYHO\7KHWKHUPDOFRQGXFWLYLWLHV
RI >%0,0@>/-WUS@  ZDWHU LQFUHDVH ZLWK WKH LQFUHDVH RI WKH WHPSHUDWXUH LQ WKH WHVWHG
FRQFHQWUDWLRQUDQJHDQGWKRVHLQFUHDVHZLWKWKHLQFUHDVHRIZDWHUFRQWHQW6LPLODUO\ZLWK
WKH >%0,0@>/-WUS@ZDWHUPL[WXUHV\VWHP WKH WKHUPDOFRQGXFWLYLWLHVRIZDWHUHWKDQRO
PL[WXUHLQFUHDVHZLWKWKHLQFUHDVHRIWKHPDVVIUDFWLRQRIZDWHUDQGWHPSHUDWXUHZKHQWKH
PDVV IUDFWLRQ RI ZDWHU LV PRUH WKDQ  DQG WKRVH GHFUHDVH ZLWK WKH WHPSHUDWXUH
LQFUHDVLQJZKLOHWKHPDVVIUDFWLRQRIZDWHULVOHVVWKDQZKLFKLVFRQVLVWHQWZLWKWKH
SXEOLVKHGZRUNV7KHWKHUPDOFRQGXFWLYLWLHVRI>%0,0@>/-WUS@HWKDQRODUHOHVVWKDQ
 :āP-ā.- LQ WKH ZKROH FRQFHQWUDWLRQ UDQJH DQG GHFUHDVH ZLWK WKH LQFUHDVH RI
WHPSHUDWXUHDQGWKHPDVVIUDFWLRQRI>%0,0@>/-WUS@  
7KH HPSLULFDO FRUUHODWLRQ HTXDWLRQ VHFRQG-RUGHU 6FKHIIp SRO\QRPLDO ZKLFK FDQ ZHOO
FRUUHODWHPRVWELQDU\PL[WXUHVIURPSXUHFRPSRQHQWDQGGLUHFWO\FDOFXODWHWKHYDOXHVIRU
WHUQDU\ GDWD ZLWK SDUDPHWHUV FRUUHODWHG IURP ELQDU\ PL[WXUHV ZLWK VLPSOH IRUPV ZDV
DSSOLHGLQWKLVZRUN  
7KHHTXDWLRQRIVHFRQG-RUGHU6FKHIIpSRO\QRPLDOIRUELQDU\PL[WXUHLV  
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ZKHUHVXEVFULSWVLDQGMUHSUHVHQWWZRGLIIHUHQWFRPSRQHQWVDVIRU>%0,0@>/-WUS@IRU
ZDWHUIRUHWKDQROUHVSHFWLYHO\7KHȜLM:āP-ā.-LVWKHWKHUPDOFRQGXFWLYLW\RIELQDU\
PL[WXUHRIFRPSRQHQWLDQGMȜL:āP-ā.-LVWKHWKHUPDOFRQGXFWLYLW\RISXUHFRPSRQHQWL
DQGZLLVWKHPDVVIUDFWLRQRIFRPSRQHQWLLQWKHPL[WXUHȕLMLVWKHQRQOLQHDUPL[LQJHIIHFW
EHWZHHQFRPSRQHQWLDQGM7KHSDUDPHWHUȕLMLVH[SHFWHGWREHDIXQFWLRQRIWHPSHUDWXUH
DQGFDQEHDVVXPHGDVDOLQHDUGHSHQGHQFHRQWHPSHUDWXUH 
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ZKHUH$LMDQG%LMLVFRUUHODWLRQFRHIILFLHQWV 
7KH WKHUPDO FRQGXFWLYLWLHV RI ELQDU\ PL[WXUHV >%0,0@>/-WUS@  ZDWHU >%0,0@>/-WUS@ 
HWKDQROZDWHUHWKDQROZHUHFRUUHODWHGE\HTXDWLRQVDQG7KHFRHIILFLHQWV$LM%LMIRU
WKUHHELQDU\PL[WXUHVV\VWHPVWRJHWKHUZLWKILWWLQJ$$5'DQG6'DUHOLVWHGLQ7DEOH 
7HUQDU\V\VWHPV 
)RUWHUQDU\PL[WXUHVRI>%0,0@>/-WUS@ZDWHUHWKDQROWKHWKHUPDOFRQGXFWLYLWLHVGDWDRI
GLIIHUHQW FRPSRVLWLRQVPHDVXUHG IURP. WR.DWDSSUR[LPDWHO\.
LQWHUYDODWDWPRVSKHUHZHUHOLVWLQ7DEOH2YHUDOOEHFDXVHWKHWKHUPDOFRQGXFWLYLWLHVRI
ZDWHUDUHPXFKKLJKHU WKDQ WKDWRIRUJDQLF FRPSRXQGV LQ WKHH[SHULPHQW WHPSHUDWXUH
UDQJHWKHWKHUPDOFRQGXFWLYLWLHVRIWKHWHUQDU\PL[WXUHVZHUHPDLQO\GHFLGHGE\WKHPDVV
IUDFWLRQRIZDWHUFRQWHQWDQG LQFUHDVHZLWK WKH LQFUHDVHRI WKHPDVV IUDFWLRQRIZDWHU
:KHQWKHPDVVIUDFWLRQRIZDWHULVFRQVWDQWWKHWKHUPDOFRQGXFWLYLWLHVRIPL[WXUHVVOLJKWO\
GHFUHDVHG ZLWK WKH LQFUHDVH RI PDVV IUDFWLRQ RI HWKDQRO %HVLGHV WKH WKHUPDO
FRQGXFWLYLWLHV RI WHUQDU\ PL[WXUHV LQFUHDVH ZLWK WKH LQFUHDVH RI WHPSHUDWXUH ZKHQ WKH
PDVVIUDFWLRQRIZDWHULVKLJKHUWKDQDQGGHFUHDVHZLWKWKHLQFUHDVHRIWHPSHUDWXUH
ZKHQWKHPDVVIUDFWLRQRIZDWHULVORZHUWKDQ 
7KH SUHYLRXVO\ PHQWLRQHG VHFRQG-RUGHU 6FKHIIp SRO\QRPLDO ZDV XVHG WR FDOFXODWH WKH
WHUQDU\PL[WXUHGDWDDQGFDQEHH[SDQGHGDV 
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ZKHUHȜWHUQDU\:āP-ā.-LVWKHWKHUPDOFRQGXFWLYLW\RIWKHWHUQDU\PL[WXUHVȜ:āP-ā.-
DQGZLVWKHWKHUPDOFRQGXFWLYLW\DQGPDVVIUDFWLRQRISXUHFRPSRQHQW6XEVFULSW
UHSUHVHQW>%0,0@>/-WUS@ZDWHUDQGHWKDQROUHVSHFWLYHO\ȕLVWKHQRQOLQHDUPL[LQJHIIHFW
EHWZHHQWZRFRPSRQHQWVWKDWFDOFXODWHGIURPWKHLUELQDU\PL[WXUHV 
7KH WKHUPDO FRQGXFWLYLWLHV RI >%0,0@>/-WUS@  ZDWHU  HWKDQRO WHUQDU\ PL[WXUHV FDQ EH
FDOFXODWHGE\HTXDWLRQVDQGZLWKWKHSDUDPHWHUVOLVWHGLQ7DEOH)LJXUHVKRZVWKH
UHODWLYHGHYLDWLRQVEHWZHHQH[SHULPHQWDOGDWDDQGFDOFXODWHGYDOXHVZLWKWKHFKDQJHRI
WHPSHUDWXUH7KH$$5'DQG6'DUHDQG:āP-ā.-UHVSHFWLYHO\7KHUHVXOW
LQGLFDWHVWKDWWKHVHFRQG-RUGHU6FKHIIpSRO\QRPLDOFDQEHXVHGWRHVWLPDWHWKHWKHUPDO
FRQGXFWLYLW\RI>%0,0@>/-WUS@ZDWHUHWKDQROWHUQDU\PL[WXUHVZLWKKLJKDFFXUDF\IURP
H[SHULPHQWDOGDWDRIWKHLUELQDU\PL[WXUHV 
 
)LJXUH  5HODWLYH GHYLDWLRQV ȜFDOȜH[S- EHWZHHQ H[SHULPHQWDO GDWD ȜH[S DQG WKH
YDOXHV ȜFDO FDOFXODWHG E\ HTXDWLRQV  DQG  IRU >%0,0@>/-WUS@  ZDWHU  HWKDQRO IURP
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7KH WKHUPDO FRQGXFWLYLWLHV RI >%0,0@>/-WUS@ ZDWHU HWKDQRO WKHLU ELQDU\ PL[WXUHV DQG
WHUQDU\PL[WXUHVZHUHPHDVXUHGE\WKHLQVWUXPHQWZLWKWUDQVLHQWKRWZLUHPHWKRGRYHUWKH
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